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Rasch analysis of the long-term conditions 
questionnaire (LTCQ) and development 
of a short-form (LTCQ-8)
Laurie Batchelder1* , Diane Fox1 , Caroline M. Potter2,3, Michele Peters2, Karen Jones1, Julien E. Forder1 
and Ray Fitzpatrick2,3
Abstract 
Background: The aim of the current study was to evaluate the structural validity of the 20-item long-term conditions 
questionnaire (LTCQ) and to explore a potential short-form version of the scale using Rasch analysis.
Methods: Data were collected through postal surveys (February 2016–January 2017) from a sample of 1,211 partici-
pants diagnosed with at least one long-term condition (LTC). Identified participants were invited through either local 
authorities for a social care cohort (n = 294) or primary care practices for a health care cohort (n = 917). Participants 
were mailed a survey, including the LTCQ, demographic questions, a comorbidities measure, and other validated 
outcome measures. Respondents were invited to complete a follow-up survey including the LTCQ for assessment of 
reproducibility.
Results: The main assumptions of the Rasch model from the LTCQ were fulfilled, although infit and outfit indices 
indicated some items showed misfit. Misfitted items, items that did not have a preceding set or showed some local 
dependence were removed one at a time, with the remaining candidate items to form an 8-item short version, the 
LTCQ-8. The Rasch model for the LTCQ-8 explained 64% variance and had a reliability estimate greater than 0.80. Sev-
eral items in the LTCQ showed uniform differential item function (DIF) in relation to the number of reported LTCs, age, 
cohort and type of LTCs, but fewer items exhibited DIF in the LTCQ-8. Spearman’s rho correlations between the LTCQ 
and the LTCQ-8 were strong across the total sample and various subgroups. Correlations between the LTCQ-8 and all 
reference measures were moderate to strong, and comparable to correlations found between the LTCQ and these 
measures.
Conclusions: The LTCQ measures a unidimensional construct, and it is therefore acceptable to use a summed total 
score. The LTCQ-8 also met the assumption of unidimensionality and had comparable construct validity with the 
LTCQ. Additional validation is required in an independent sample.
Keywords: Quality of life, Patient-reported outcome measures, Health and social care, Rasch analysis, Long-term 
conditions
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Introduction
Over 15 million people in England (30% of the popula-
tion) report having at least one long-term condition 
(LTC) and are major users of health and social care ser-
vices [1]. Given the prevalence and costs of LTCs, it is a 
priority of the English government and other countries, 
including the US and Sweden, to focus on patient-centred 
Open Access
*Correspondence:  laurie.batchelder@gmail.com
1 Personal Social Services Research Unit, School of Social Policy, Sociology, 
and Social Research, University of Kent, Canterbury, Kent CT2 7NF, UK
Full list of author information is available at the end of the article
Page 2 of 12Batchelder et al. Health Qual Life Outcomes          (2020) 18:375 
outcomes in patients with LTCs [2–4]. To assess and 
monitor outcomes in individuals with LTCs, measures, 
such as patient-reported outcome measures (PROMs), 
are needed [4–6]. PROMs have been developed with 
the intention to narrow the gap between clinicians’ and 
patients’ views of the impact of illness. PROMs are rou-
tinely used in clinical trials and intervention studies to 
evaluate patients’ health status and health-related quality 
of life (HRQoL) [7].
There are two types of PROMs widely indexed within 
the literature: disease-specific and generic PROMs. The 
former focus on assessing health outcomes of a spe-
cific condition, whereas generic PROMs assess general 
aspects of functioning and/or well-being and can be used 
across different patient populations. Although disease-
specific PROMs capture more detailed aspects of specific 
illnesses and tend to be more sensitive to change, the 
scores are not comparable across different LTC popula-
tions, nor do they take account of multi-morbidity [8]. 
Existing generic PROMs, such as the SF-36 or EQ-5D, 
are applicable across different populations; however 
they do not fully capture outcomes that are important in 
LTCs and may not be appropriate for long-term monitor-
ing of LTCs, particularly for conditions where aspects of 
HRQoL, such as functional status, might be expected to 
decline over time [9, 10].
The Long-Term Conditions Questionnaire (LTCQ) 
was developed to address these limitations [11–14]. 
The LTCQ is a 20-item PROM developed to assess and 
monitor outcomes in patients with either single or mul-
tiple LTCs (physical and/or mental health condition(s)) 
and is applicable in both health and social care contexts. 
The LTCQ was developed through in-depth qualitative 
interviews with professional and lay stakeholders [11], 
qualitative interviews with patients with LTCs [13], and 
cognitive testing with patients with LTCs and profes-
sional and lay stakeholders to further refine the items 
[12]. The LTCQ includes items capturing the broad expe-
rience of ‘living well with a LTC(s)’ measured across three 
broad concepts: impact of LTCs, experience of services 
and support, and self-care [13]. Items are scored on a 
scale from 0 (most negative response) to 4 (most posi-
tive response). Items 9–15 are negatively phrased and 
reverse-scored. The LTCQ total score is calculated by 
summing the item scores and recalibrating the sum to 
give an overall LTCQ score, ranging from 0–100. Higher 
scores indicate a better level of ‘living well’ [14].
The LTCQ was validated using factor analysis (prin-
cipal axis factoring (PAF) and parallel analysis), and 
results produced a one-factor solution, providing initial 
evidence of unidimensionality and supporting a total 
summed score capturing the broad construct of ‘living 
well with LTC(s)’. Further evidence showed excellent 
test re-test reliability and construct validity, showing 
the LTCQ to be a reliable and valid PROM for use in 
both health and social care [14] (please see [14] for full 
initial psychometric assessment of the LTCQ, including 
frequencies of LTCQ items).
Although recent results are promising and already have 
implications for policy and practice, additional struc-
tural validity work of the LTCQ is needed. The work to-
date focuses on the application of classical test theory 
(CTT) [15]. Although CTT is an established psychomet-
ric approach that has been used and cited widely within 
the PROMs literature [16–18], ordinal responses tend 
to be treated as interval data, where all items are seen as 
equally “difficult” (severe) [19]. Most outcome measures 
tend to be ordinal in nature, and their items may vary in 
terms of their severity or impact, so further evaluation of 
the LTCQ using robust item-level techniques along with 
CTT methods is desirable [16]. In comparison to CTT, 
item response theory (IRT) and Rasch analysis provide 
more detailed measurement and diagnostic information 
to identify problematic items and to help improve the 
scale’s performance [20]. For instance, evidence suggests 
that when comparing CTT, IRT and Rasch analysis on a 
PROM (VFQ-25) in a single dataset, all three methods 
showed similar levels of validity; however IRT and Rasch 
analysis provided additional measurement details (i.e. 
rating scale function, misfit, local dependence) [20].
Potter et  al. [14] identified some items exhibiting 
lower internal consistency (i.e. item 16—knowledge, 
corrected item-total correlation: r = 0.35) compared 
to other items (i.e. item 4—control, corrected item-
total correlation: r = 0.83). It is possible that items with 
lower internal consistency could be measuring different 
constructs, whereas items with high internal consist-
ency could suggest a degree of redundancy. Such items 
could potentially be removed and allow for creation of 
a short-form with the remaining items. Clinicians and 
local authorities work in time-restricted environments, 
so the availability of a short-form of this measure would 
be advantageous in certain situations to allow for effi-
cient measurement of outcomes. Although the LTCQ is 
not a very long PROM, the original measure might be 
best used at the level of individual decision-making and 
care planning, whereas a short-form might be preferred 
for large-scale monitoring or used for special patient 
populations. Reducing the LTCQ to a short-form may 
also be beneficial because it would aim to include key 
items without losing coverage of the overall construct 
of the scale when administered either on its own or as 
part of a multipurpose battery of different measures 
[21]. A shorter measure could also reduce the burden 
of response, particularly for older participants or those 
with higher needs.
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To further strengthen the LTCQ as a holistic measure 
of ‘living well’ in both health and social care, we took a 
pragmatic approach at further examining the psycho-
metric properties of the LTCQ and potentially reduc-
ing the length of the measure by using Rasch analysis as 




Previously described by Potter et al. [14], data were col-
lected through two postal surveys (a main survey (Survey 
1) and a follow-up survey (Survey 2)) and through two 
cohorts (a health care cohort and a social care cohort). 
For the health care cohort, fifteen primary care practices/
general practitioners (GPs) from both rural and urban 
areas invited potential participants from three regions of 
England (South East, North West, Yorkshire & Humber). 
Primary care practices invited eligible individuals with 
a confirmed diagnosis of at least one of eleven specified 
LTCs (physical and/or mental health conditions) to take 
part in the study. In a previous study, a list of LTCs were 
selected from the Quality and Outcomes Framework [22] 
and other key compendiums of LTCs by a panel of stake-
holders [13] (see Potter et  al. [14] for further details). 
Individuals diagnosed more than 12  months prior to 
beginning the study, those 18  years of age and above, 
individuals able to provide consent, and those able to 
communicate in English were eligible. Between February 
and July 2016, 2,983 eligible participants were invited to 
take part in the study for the health care cohort.
For the social care cohort, four local authorities (LAs) 
of different types (unitary, metropolitan, county and 
London borough) that provide funding for social care 
services invited potential participants from four geo-
graphically diverse regions (North West, East of England, 
South West, Greater London) (see Potter et  al. [14] for 
further details). Potential participants were eligible if they 
received community-based services based on the Short 
and Long Term (SALT) mandatory data returns for social 
care [23], were 18  years of age and above, were able to 
provide consent, and were able to communicate in Eng-
lish. Between July 2016 and January 2017, 2,294 eligible 
participants were invited to take part in the study for the 
social care cohort.
Measures
The study packs contained an invitation letter from the 
GP/LA, the participant information sheet, Survey 1 and 
an address slip where participants were able to express 
willingness to take part in the follow-up survey. As out-
lined by Potter et al. [14], Survey 1 contained the LTCQ, 
alongside several validated measures to test the LTCQ’s 
construct validity. These measures included: the EQ-
5D-5L including the EQ-VAS [24], Self-efficacy for 
Managing Chronic Disease 6-item scale [25], an Activi-
ties of Daily Living scale [26], and burden of morbidity 
scale (adapted with permission from the developers to 
include all conditions for participants recruited) [27]. 
The social care cohort also completed a measure of 
social care-related quality of life, the Adult Social Care 
Outcomes Toolkit (ASCOT) [28]. Supplementary ques-
tions included demographics, service use, whether help 
was needed to complete the questionnaire and an open-
response text box for comments.
Procedure
The research team provided the GPs/LAs with packs 
containing all study materials, which were mailed directly 
by the GPs/LAs to the eligible participants, to ensure 




The Rasch method was applied to the LTCQ as a means 
to further examine the LTCQ’s psychometric properties 
and to identify candidate items to form a short-form. 
The Rasch rating scale analysis [29] model was estimated 
using WINSTEPS software version 3.92.0 [30]. Rasch 
analysis [31] is a strict psychometric technique with its 
assumptions and functional form used to assess whether 
a single latent trait drives item responses in a question-
naire. The Rasch model shows the assumed probability 
of participants’ response patterns to items on the scale, 
which are summed together and tested against a proba-
bilistic model [19, 31]. The Rasch rating scale analysis 
model is used when a set of items share a fixed set of 
response rating scale format (e.g. Likert scale), and the 
relative difficulties of the thresholds do not vary across 
items. The Rasch rating scale model assumes that the 
probability of a participant affirming an item is a logistic 
function of the relative distance between the item loca-
tion parameter (“item difficulty” or “severity”) and the 
participant location parameter (“person ability”). The 
function of that difference is modelled and transformed 
into a latent trait on a linear scale using log odds [31]. 
Person ability and item severity are parameters on the 
logit scale that maximise the likelihood of the observed 
data, given the functional form specified by the Rasch 
rating scale model. Item severity and the relative sever-
ity of the thresholds indicate the difficulty of endorsing 
each response category for each item, with the thresholds 
not varying across items. A formula for the rating scale 
model is outlined below: 
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Responses in the rating scale function depend on 
each individual for the value of the ability parameter θ , 
describing the individual. In the formula, the response 
functions specify that wi refer to the response category 
scores, which prescribe how the m response categories in 
the measure are scored, while aih are the item parameters 
connected to the items and categories.
Items along the logit scale are ordered based on level 
of difficulty or severity of items, where items at the top 
of the logit scale indicate greater item difficulty or sever-
ity. Rasch [31] argues that if the person’s ability is higher 
than the item’s severity, the person is more likely to affirm 
this item. Conversely, if the person’s ability is lower than 
the item’s severity, it is predicted that the person is less 
likely to endorse the most positive response option. For 
this study, the logarithmic transformation results in an 
estimation between item location parameter (“item dif-
ficulty” or “severity”) and each person’s level of living 
well with LTC(s) (“person ability”), along a linear scale. 
The Rasch model further presumes that responses in the 
questionnaire assess a single construct (i.e. assume unidi-
mensionality). All items in the LTCQ were presumed to 
assess the experience of ‘living well with LTC(s)’ based on 
a previous parallel analysis reported by Potter et al. [14].
Seven participants (0.6%) did not complete any of the 
LTCQ items, and were excluded from the analysis. Par-
ticipants were included in the Rasch analysis if they 
answered at least one LTCQ item (1204 participants). 
CTT approaches involve removing participants who 
did not answer a certain percentage of questions in the 







ωiθ−aih response-level. No assumptions are made about the 
parameter distributions or the absences of individ-
ual responses. The model acts if the option was never 
presented to the individual participant, and missing 
responses are ignored. This method is especially useful 
for analysing responses through computerized-adaptive 
testing [32]. Evidence shows that when comparing this 
approach to other imputation methods used to handle 
missing data on a measure of HRQoL, parameter estima-
tions were similar [33].
Table  1 outlines item fit statistics and criteria consid-
ered for the current study. An iterative approach was 
used to examine the psychometric properties of the 
LTCQ and to identify candidate items for creating a 
short-form. Rating scale functioning was first examined. 
All category measures on each item were expected to 
advance monotonically (i.e. have a preceding set), have 
at least 10 observations per category [34, page 527], and 
have an outfit mean square value (MNSQ) for each item 
response category < 2.0 [35]. Outfit indicates outlier-sen-
sitive fit, whereas infit refers to information-weighted fit 
[34]. Misfitted items (infit or outfit) were removed one 
at a time, with the worst-fitted item removed first before 
repeating the analysis.
Item severity was expected to range between − 3.00 to 
3.00 logits [19]. Item infit and outfit MNSQ values ≤ 1.2 
were considered adequate, and any items showing viola-
tions of fit (> 1.2 indicating inconsistent responses) were 
deleted, with items showing the greatest level of misfit 
deleted first [36].
Unidimensionality was also assessed through principal 
component analysis (PCA) of residuals, with a criteria of 
at least 50% of the variance explaining the Rasch model, 
Table 1 Overview of the Rasch analytic process
Steps Psychometric property Aim Criterion
1 Rating scale function Assess the scale’s functionality, i.e. do the category 
measures on each item advance monotonically
Goodness-of-fit: < 2.0 outfit MNSQ, minimum 10 
participants per value per item
2 Internal scale validity Examine how well the item responses match the 
expected responses in the Rasch model
Item goodness-of-fit: ≤ 1.2 MNSQ, worst fitting item 
removed one at a time and model subsequently 
re-run
3 Dimensionality Assess if the scale measures a single construct  > 50% total variance explained by  1st component 
(Rasch model), additional components ≤ 5% (or 
eigenvalue ≤ 2.0) after removal of first compo-
nent. No more than 1 out of 20 (or 5%) of the 
residual correlations > 0.30
4 Reliability Person-separation validity: Assess if the scale can 
discriminate participants’ responses into groups 
based on performance;
Internal consistency: Assess if the item responses are 
consistent
Person-separation index: ≥ 2.0
Internal consistency: Cronbach’s alpha ≥ 0.80
5 Differential item functioning (DIF) Examine how the scale functions among various 
groups (number of LTCs, age, gender, cohort, 
hospital admissions)
DIF contrast < 0.43 logits: p > 0.01
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with any additional component explaining < 5% (or an 
eigenvalue ≤ 2.0) of the remaining variance of residuals 
after removing the first component [34].
Person-separation reliability discriminates participants’ 
responses into groups based on their performance on the 
scale. A cut-off criterion of ≥ 2.00 was used, indicating 
that the scale can distinguish greater than three groups 
of individuals with different levels of ‘living well with 
LTC(s)’ [37]. A Cronbach’s alpha cut-off criterion ≥ 0.80 
was also considered adequate reliability.
Uniform differential item functioning (DIF) analysis 
was used to assess item calibrations across key demo-
graphic variables: age, gender, the total number of 
reported LTCs, the number of physical LTCs, the num-
ber of mental LTCs, cohort type, and the number of hos-
pital admissions due to a LTC(s). Magnitude of DIF was 
examined using Zwick, Thayer & Lewis’ Bayes approach 
to the Mantel–Haenszel statistic [32]. A DIF contrast sig-
nificant cut-off criterion (slight to moderate significance) 
of ≥ 0.43 logits was used, with a Bonferroni correction of 
p = 0.01 [34].
Assessments between the short-form of the LTCQ and 
the original LTCQ were examined in terms of scale and 
sub-group comparisons and convergent construct valid-
ity using SPSS (version 24) software (SPSS, Inc.). It was 
expected that the short-form of the LTCQ would have 
similar scores and levels of correlations to the LTCQ.
Results
Sample characteristics
A total of 1211 participants were recruited for the cur-
rent study (23% response rate). 917 participants were 
recruited through the primary care cohort (31% response 
rate), and 294 participants were recruited through the 
social care cohort (13% response rate). Socio-demo-
graphic characteristics are presented in Table 2. The age 
range was 18 to 102  years, with a mean age of 67 (SD 
15.3 years). Fifty-four percent (n = 656) were female, and 
the sample was mainly white British (n = 1,097, 91%). 
The majority of the sample also reported a high degree 
of multi-morbidity, with 1,124 participants (93%) having 
two or more conditions, and the sample mean being 6.2 
LTCs (SD 3.8 LTCs).
Rasch analysis
Rating scale functioning of items in the LTCQ was first 
assessed, and findings revealed two items that did not 
advance monotonically for the category measures (items 
16 & 17). The response categories 0 ‘Never’, 1 ‘Rarely’ and 
2 ‘Sometimes’ were reversed for item 16 (knowledge) and 
response categories 0 ‘Never’ and 1 ‘Rarely’ were reversed 
for item 17 (social contact). Several items also showed 
step calibrations were misfitted to the Rasch model after 
running iterative Rasch analyses (items 1, 7, 9, 14, 18, 19).
Examination of item infit and outfit statistics revealed 
that there were no substantial deviations from expecta-
tions for the majority of items. Only seven items (items 
7, 9, 13, 14, 16, 17, 18) were identified as having beyond 
the means of 1.04 (infit MNSQ) and 1.03 (outfit MNSQ) 
in the initial model, revealing that scores on these items 
tended to be inconsistent with overall response patterns 
in the questionnaire. Misfitted items (infit or outfit) 
were removed one at a time, with the worst-fitted item 
removed first before repeating the analysis.




Health care (via primary care) 76 917
Social care (via Local Authority) 24 294
Age (quartiles)
18–59 years 26 313
60 – 69 years 24 291
70 – 79 years 24 293







White British 91 1097
Other White (e.g. Irish, European) 3 38
Black/Black British (e.g. African, Caribbean) 2 18
Asian/Asian British (e.g. Indian, Pakistani) 1 17
Mixed 0.60 8
(Missing) 3 33
Number of long-term conditions
1 5 62
2–4 28 344
5 or more 65 780
(Missing) 2 25
Number of physical health conditions
1 6 77
2–4 31 370
5 or more 60 723
(Missing or no physical health condition) 3 41
Number of mental health conditions
1 36 435
2 or more 7 87
(Missing or no mental health condition) 57 689
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The PCA of the residuals of the LTCQ revealed that 
the Rasch model explained between 59% and 64.3% of 
the variance across the different iterations of the Rasch 
model, indicating unidimensionality across the vari-
ous models. The first contrast (second dimension) also 
explained between 5.8% (eigenvalue = 2.77) and 8% 
(eigenvalue = 1.79) across the different iterations. Results 
further revealed standardised residual correlations 
exceeding a cut-off criterion of > 0.30, indicating some 
local dependence between items (items 1, 2, 3, 5, 6, 20). 
In combination with item misfit, these items were sub-
sequently removed from the main analysis. It is worth 
noting that item 7 (safe at home) loaded highest onto the 
first contrast when testing these seven items as a separate 
scale; therefore this question was reintroduced on the 
LTCQ, as it was thought to be theoretically meaningful 
to include both safety questions within the questionnaire.
Assessment of item and measure reliability further 
revealed that the person separation index for the LTCQ 
ranged from 2.93 to 2.17. The Cronbach’s alpha coeffi-
cient ranged from 0.90 to 0.82.
After conducting iterative Rasch analyses, candidate 
items from the LTCQ were identified to form a short-
form. Results are presented in Table 3 (for a full review 
of the iterative Rasch analyses findings, please see Addi-
tional file  1). The short-form of the LTCQ included 8 
items (items 4, 7, 8, 10, 11, 12, 15, 19) (to be known as 
the LTCQ-8). Item severity measures for the LTCQ-8 
ranged from − 1.58 to 1.32, and item-fit statistics ranged 
from 0.83 to 1.21. One item (item 10—dependency) 
showed very slight misfit (1.21), however researchers felt 
that this item was highly relevant for participants who 
rely on health and social care services and for the overall 
construct of the measure. This item also presented satis-
factory functioning on all other assessments of item and 
person fit. The LTCQ-8 further showed that the Rasch 
model explained 64.3% of the total variance, with the first 
contrast explaining 8% (eigenvalue = 1.79) of variance. 
Item and person reliability results for the LTCQ-8 con-
sisted of a person separation index of 2.17 and a Cron-
bach’s alpha coefficient of 0.82, providing further 
evidence of a reliable measure of ‘living well with LTC(s)’.
Differential item functioning
DIF analyses were undertaken by age, gender, the number 
of reported mental and physical LTCs, cohort type, and 
the number of hospital admissions due to a LTC(s) on the 
LTCQ and the LTCQ-8. Table  4 shows the DIF results. 
Findings showed that both versions of the LTCQ func-
tioned similarly for gender. There were significant differ-
ences on one item in the LTCQ, namely item 18 (support) 
by the number of reported physical health LTCs. For the 
number of reported mental LTCs, there were significant 
differences on items 3 and 16. DIF was no longer pre-
sent in the LTCQ-8 for the number of reported mental 
and physical LTCs. Significant differences were found on 
one item by age (item 12—stigma) in the LTCQ. On the 
LTCQ-8, there were significant differences on two items 
by age (item 10–dependency and item 12–stigma). Find-
ings showed significant differences on four items between 
the health and social care cohorts in the LTCQ (items 2, 
9, 10, 18). There were a smaller number of significant dif-
ferences by cohort in the LTCQ-8, with only two items 
statistically significant (item 10 and 15). Both versions 
functioned on the number of hospital admissions due to 
a LTC(s).
Similar to the LTCQ, a sum of LTCQ-8 was calculated 
and recalibrated to give an overall score ranging from 
0–100, with higher scores indicating a better level of ‘liv-
ing well with LTC(s)’. Items 10, 11, 12 and 15 are nega-
tively phrased and reverse-scored.
Scale and sub‑group comparisons
The means, standard deviations and distributions (via 
percentiles) for scores for both versions of the LTCQ are 
presented in Tables 5 and 6. Findings showed comparable 
Table 3 Final Rasch model results for the short 8-item version of the LTCQ (LTCQ-8) (N = 1204)
*Questions are reverse-scored, i.e. ‘Never’ is the most positive response option
Item
#
Item description Item severity 
measures
Infit MNSQ Outfit MNSQ
4 Felt in control of daily life − 0.01 0.83 0.80
7 Felt safe at home − 1.58 1.06 0.82
8 Felt safe outside the home − 0.12 0.93 0.86
10 Felt more dependent on others than you wanted* 1.32 1.21 1.20
11 Felt lonely due to health conditions* 0.23 1.13 1.06
12 Worried about being treated differently* − 0.20 1.13 1.10
15 Felt that your health conditions made you unhappy* 0.76 0.90 0.95
19 Felt confident in managing health conditions − 0.40 0.90 0.89
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distributions across both versions of the LTCQ in the 
total sample. These distributions were also comparable 
across age quartiles, cohort type, whether respondents 
were admitted to the hospital due to a LTC(s) in the last 
12  months, and whether respondents reported mental 
health conditions (reported/not reported). Findings fur-
ther showed a strong positive correlation across the total 
sample. Further correlations within sub-groups across 
both versions of the LTCQ also revealed strong positive 
associations between the LTCQ and the LTCQ-8 across 
different age groups (quartiles), cohort type, whether 
those who were admitted to the hospital within the 
last 12  months due to a LTC(s), and whether respond-
ents reported as having either physical or mental health 
condition(s).
Convergent construct validity
The sample’s mean scores for the EQ-5D-5L, EQ-VAS, 
the Lorig self-efficacy scale, the Activities of Daily Living 
(ADLs) scale, and the Bayliss burden of morbidity scale 
are presented in Table  7, as well as correlations (Spear-
man’s rho) between both versions of the LTCQ and all 
independent measures used to assess the construct of 
‘living well with LTC(s)’. Results showed comparable 
Table 4 Differential item functioning results for the LTCQ and the LTCQ-8 (N = 1204)
Differential item functioning LTCQ LTCQ‑8
Gender No DIF No DIF
Age (quartiles) Item 12: more severe for individuals 18–59 (0.46, 
p = 0.001)
Item 10: more severe for individuals 80 + (0.46, p = 0.001)
Item 12: less severe for individuals 80 + (0.45, p = 0.001) Item 12: less severe for individuals 80 + (0.48, p = 0.001)
Number of physical health LTCs Item 18: more severe for individuals with 1 physical health 
LTC (0.51, p = 0.001)
No DIF
Number of mental health LTCs Item 3: less severe for individuals with 2 or more mental 
health LTCs (0.46, p = 0.001)
No DIF
Item16: less severe for individuals with 2 or more mental 
health LTCs (0.56, p = 0.001)
Cohort Item 2: less severe for individuals in primary care (0.61, 
p = 0.001)
Item 10: less severe for individuals in primary care (0.51, 
p = 0.001)
Item 9: more severe for individuals in primary care (0.59, 
p = 0.001)
Item 15: less severe for individuals in social care (0.48, 
p = 0.001)
Item 10: less severe for individuals in primary care (0.60, 
p = 0.001)
Item 18: more severe for individuals in primary care (0.44, 
p = 0.001)
Admitted to hospital in last 
12 months due to LTC
No DIF No DIF
Table 5 Comparison of  LTCQ scores (completed in  full) (LTCQ and  LTCQ-8) among  sub-groups- cohort, hospital 
admissions, LTC-type























LTCQ LTCQ‑8 LTCQ LTCQ‑8 LTCQ LTCQ‑8 LTCQ LTCQ‑8 LTCQ LTCQ‑8 LTCQ LTCQ‑8 LTCQ LTCQ‑8
N 1082 1156 838 894 244 262 197 213 863 917 624 664 458 492
Mean score 65.1 65.0 70.0 70.4 48.2 46.6 54.6 53.2 67.8 68.2 74.2 75.6 52.7 50.8
SD 23.0 25.1 21.7 23.7 19.1 20.7 21.5 23.6 22.7 24.6 20.2 21.1 20.8 23.1
SE 0.7 0.7 0.8 0.8 1.2 1.3 1.5 1.6 0.8 0.8 0.8 0.8 1.0 1.0
25th % 46.3 43.8 53.8 53.1 35 31.3 39.4 37.5 48.8 50.0 60.0 62.5 38.4 34.8
50th % 66.3 65.6 72.5 75.0 46.3 43.8 51.3 50.0 71.3 71.9 78.8 81.3 48.8 46.9
75th % 85.0 87.5 88.5 90.6 58.8 62.5 71.9 71.9 87.5 90.6 91.3 93.8 68.8 68.8
Correlation (Spearman’s) .97*** .96*** .94*** .96*** .97*** .96*** .96***
Page 8 of 12Batchelder et al. Health Qual Life Outcomes          (2020) 18:375 
associations between both versions of the LTCQ with 
independent measures. Findings showed moderate to 
strong correlations, with positive associations between 
the LTCQ with scores on the EQ-5D-5L, EQ-VAS and 
the Lorig self-efficacy scale. Findings also showed nega-
tive associations between both versions of the LTCQ and 
scores on the ADL scale and the Bayliss burden of mor-
bidity scale.
Discussion
The aim of this study was to further examine the struc-
tural validity of the LTCQ using Rasch analysis, as a 
robust test of measuring the construct of ‘living well with 
LTC(s)’ which led to the identification of a short-form 
(LTCQ-8). Results revealed that the LTCQ explained 
59% variance by the first dimension of ‘living well with 
LTC(s),’ suggesting that the LTCQ broadly measures a 
unidimensional construct. Rasch analysis further iden-
tified candidate items to be included in a short-form 
based on how well the items performed using this robust 
psychometric technique in the validation sample. After 
assessing items based on item fit and local dependence, 
a resulting 8-item short-form was formed. The LTCQ-8 
exhibited a higher variance proportion (64.3%) explained 
by the first dimension. The LTCQ-8 further revealed a 
Cronbach’s alpha coefficient greater than 0.80. Both ver-
sions of the LTCQ were able to distinguish at least three 
distinct groups of participants of degrees of ‘living well 
with LTC(s)’. Both versions of the LTCQ showed signifi-
cant DIF on some items, although there were fewer dif-
ferences in the LTCQ-8. Spearman’s rho correlations 
between both versions were strong across the total sam-
ple, as well within sub-groups. Similar patterns of corre-
lations were also revealed between both versions of the 
LTCQ and independent outcome measures.
The findings suggest that the LTCQ can be consid-
ered a broad unidimensional measure of ‘living well 
with LTC(s)’ in both versions of the scale. This is the 
first assessment of unidimensionality of the LTCQ using 
Rasch analysis, and the results further support recent 
work assessing the initial validation of the LTCQ [14]. In 
the initial validation study, results revealed a one-factor 
solution after undertaking PAF, with an eigenvalue of 2.3 
explaining 75% of the variance. The current study further 
confirms the LTCQ reflects a unidimensional construct 
broadly capturing the experience of ‘living well with 
LTC(s)’, which is suitable for use in a diverse sample of 
health and social users with a range of LTCs.
Using Rasch analysis, this approach has further allowed 
us to identify candidate items for a short-form of the 
Table 6 Comparison of LTCQ scores (completed in full) (LTCQ and LTCQ-8) among sub-groups- age quartiles
***Correlation is significant at p < 0.001 (2-tailed)
Age 18–59 (N = 313) Age 60–69 (N = 291) Age 70–79 (N = 293) Age 80 + (N = 260)
LTCQ LTCQ− 8 LTCQ LTCQ− 8 LTCQ LTCQ− 8 LTCQ LTCQ− 8
N 296 307 267 282 265 282 207 233
mean score 57.9 55.5 68.0 68.4 71.5 72.4 63.4 64.4
SD 23.6 26.0 22.2 24.1 22.0 23.1 21.5 23.1
SE 1.4 1.5 1.4 1.4 1.3 1.4 1.5 1.5
25th % 38.8 34.4 48.8 50.0 53.8 53.1 46.3 43.8
50th % 56.3 53.1 71.3 71.9 75.0 75.0 65.0 65.6
75th % 77.2 78.1 86.3 90.6 91.3 93.8 80.0 84.4
Correlation (Spearman’s) .97*** .96*** .97*** .97***
Table 7 Convergent construct validity of the LTCQ and the LTCQ-8 with independent measures (Spearman’s rho)
***Correlation is significant at p < 0.001 (2-tailed)
Measure Mean score (SD, SE, 95% CI) Score range Correlation with LTCQ Correlation 
with LTCQ‑8
LTCQ 65.10 (23.04, 0.70, 63.7–66.5) 0–100 – 0.97***
LTCQ-8 65.01 (25.13, 0.74, 63.6–66.5) 0–100 0.97*** –
EQ-5D-5L 0.62 (0.33, 0.01, 0.60–0.63) − 0.28–1.00 0.82*** 0.80***
EQ-VAS 62.40 (24.65, 0.72, 61.0–63.8) 0–100 0.79*** 0.77***
Lorig self-efficacy scale 6.22 (2.71, 0.08, 6.1–6.4) 1–10 0.87*** 0.84***
Activities of daily living 4.98 (4.76, 0.14, 4.7–5.3) 0–13 − 0.79*** − 0.77***
Bayliss burden of morbidity 16.44 (13.10, 0.38, 15.7–17.2) 0–150 − 0.64*** − 0.61***
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LTCQ (LTCQ-8) based on how well items fit the Rasch 
model. In total, 12 items were omitted from the measure. 
The LTCQ-8 functioned well as a short-form, with initial 
evidence of a unidimensional structure and strong item 
and person reliability. There was also further evidence 
of high correlations between scores on the LTCQ and 
LTCQ-8 and similar associations between the LTCQ-8 
and independent measures to that of the LTCQ. This 
shows that the proposed LTCQ-8 has comparable struc-
tural and construct validity and reliability to the LTCQ. 
The strong correlation of the LTCQ and LTCQ-8 with 
the Lorig self-efficacy measure may indicate that there 
is conceptual overlap between the LTCQ measures and 
self-efficacy. The LTCQ was developed to capture quality 
of life and well-being rather than self-efficacy; although 
some emerging themes and items from the qualita-
tive work [13] address issues of self-efficacy (e.g. items 
on feeling in control of life or confident in self-manage-
ment). However, the LTCQ, in particular the long ver-
sion, address additional concepts to self-efficacy but it 
would be reasonable to hypothesize that people who are 
more confident in self-management achieved better qual-
ity of life living with a LTC. Future research may further 
investigate the correlation between core concepts of the 
LTCQ and self-efficacy scores to further investigate dis-
criminant validity.
This overall approach of using a more robust psycho-
metric technique following an initial factor analysis, with 
the aim to assess the measure’s structural validity and 
to potentially omit misfitted items, is similar to psycho-
metric approaches used for other outcome measures 
within the literature [38, 39]. The LTCQ-8 may provide 
the potential for increased precision of measurement 
required for larger studies of populations of health and 
social care users. However, for some clinical purposes 
and item-by-item analyses, all items can be retained 
and the original LTCQ may be the preferred measure. 
In other words, the LTCQ may be more appropriate in 
clinical settings or in other situations, where capturing a 
wider number of facets of the experience of ‘living well 
with LTC(s)’ is more relevant.
DIF was also assessed for both versions of the scale, 
and findings revealed significant DIF for age, the number 
of LTCs, and by cohort type for the LTCQ; however there 
was less DIF in the LTCQ-8. Three items had slight signif-
icant DIF for age and cohort type for the LTCQ-8 (items 
10—dependency, 12—stigma and 15—unhappiness). 
Research suggests that significant DIF by sub-group is 
not uncommon and may indicate a need to develop cus-
tomized policy strategies for specific sub-groups [40–42]. 
Further evidence has shown that there may be benefits 
using Rasch analysis to further discriminate sub-groups 
[43]. Two further items, items 10 (dependency) and 15 
(unhappiness), had significant slight DIF (0.48 and 0.51, 
respectively) for cohort type (primary care cohort versus 
social care cohort). These two items were not removed 
since they were considered theoretically important and 
presented acceptable levels of functioning in all other 
scale parameters [44].
The main strength of this study is the use of an item-
level psychometric methodology to further explore the 
structural properties of the LTCQ and to create a short-
form. An additional strength is the direct assessment of 
the psychometric properties of the LTCQ and the LTCQ-
8. This study was based on a diverse sample in terms 
of the number, type and severity of health conditions 
reported. Further validating the LTCQ in such a diverse 
sample allows for routine use of the LTCQ in monitoring 
outcomes of integrated person-centred care. A further 
strength is the inclusion of both primary care and social 
care users showing the LTCQ is suitable for use in both 
health and social care. The current research also included 
a number of well-validated independent reference meas-
ures to further examine the construct of ‘living well with 
LTC(s)’ in the LTCQ and the LTCQ-8.
There are some limitations worth noting within the 
current study. The response rate for the social care cohort 
was 13%, which was lower compared to the 31% response 
rate for the primary care cohort, indicating that the social 
care cohort is not as well-represented compared to the 
health care cohort [14]. However the response rate for 
the social care cohort was similar to other studies where 
the social care sample was the main focus [45]. This 
study has also identified candidate items for a short-form 
(LTCQ-8) from the original LTCQ using Rasch analy-
sis, and initial construct validity assessment of potential 
items forming the LTCQ-8 was also undertaken in the 
same patient sample. This was done due to time con-
straints, financial limitations and difficulties in recruiting 
a large sample size of individuals with LTC(s), particu-
larly for those who receive social care. To date, this is the 
largest dataset recruited containing LTCQ data, and the 
analysis needed to be conducted in a sample that repre-
sented the diversity of individuals with LTC(s), including 
both health and social care users. However, additional 
validity and reliability assessment of the LTCQ-8 cannot 
be obtained using the same sample. We recommend that 
the identified items in the LTCQ-8 are separately tested 
as a proposed short-form in an independent sample. 
Future work should also include confirming the validity 
of the LTCQ in an independent sample. The majority of 
participants in the current sample were also white Brit-
ish, which may limit the generalizability of these findings 
to the wider population. Future research should include 
cross-validating the LTCQ with other ethnic groups 
and in other languages. Lastly, although the sample size 
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in the current study can generate accurate item calibra-
tions, current DIF findings are more speculative given the 
smaller sub-groups [38].
A number of implications for health and social care 
policy and practice can be drawn from this work. This is 
the first time Rasch analysis has been used to assess the 
psychometric properties of the LTCQ, a PROM designed 
to capture the impact of ‘living well with LTC(s)’ with 
those who have long-term physical and/or mental health 
condition(s) and across health and social care. In line 
with current policy and practice, both versions of the 
LTCQ include a number of health- and social care-related 
items to allow for an integrated evaluation of services. 
Rasch analysis has also enabled us to identify candidate 
items for a short-form (LTCQ-8). The LTCQ-8 may fur-
ther allow for the concise measurement of the construct 
of ‘living well with LTC(s)’, which may be preferred in 
contexts where time or other resources are limited. A 
short-form may be a less burdensome method for captur-
ing the experience of ‘living well with LTC(s)’, particularly 
for those who are frail or who have complex needs. How-
ever future work should include separate testing on the 
8 short-form candidate items in an independent sample.
Conclusion
The Long-Term Conditions Questionnaire (LTCQ) is 
a new PROM designed to capture the concept of ‘liv-
ing well’ in patients with physical and/or mental health 
condition(s) for use across health and social care. Using 
Rasch analysis, the original LTCQ met the assumption 
of measuring a unidimensional construct. The robust 
psychometric assessment identified 8 candidate items 
to form a short-form, and the resulting LTCQ-8 showed 
improved psychometric properties. Both versions of the 
LTCQ showed similar patterns in construct validity. In 
cases where it is relevant to examine the impact of ‘liv-
ing well with LTC(s)’ item-by-item, for example to inform 
clinical practice, it may be more appropriate to use the 
LTCQ. Conversely the identified items of the LTCQ-8 
may be more appropriate for in larger-scale monitoring 
(which favours shorter measures) or with patient popula-
tions for whom completion of PROMs is more difficult. 
Further assessment of identified items from the LTCQ in 
an independent sample would yield additional evidence 
for this measure.
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